Texture, microstructure and volatile profile of structured guava using agar and gellan gum. by COSTA, J. N. da et al.
Contents lists available at ScienceDirect
International Journal of Gastronomy and Food Science
journal homepage: www.elsevier.com/locate/ijgfs
Texture, microstructure and volatile profile of structured guava using agar
and gellan gum
Juliana N. da Costaa, Amanda R. Leala, Luis G.L. Nascimentoa, Delane C. Rodriguesa,
Celli R. Munizd, Raimundo W. Figueiredoa, Paulina Matac, João Paulo Noronhac,
Paulo Henrique M. de Sousaa,b,∗
a Departament of Food Engineering Federal University of Ceara, Zip code: 60356-000, Fortaleza, CE, Brazil
bGastronomy Undergraduate Program, Culture and Art Institute, Federal University of Ceara, Brazil
c LAQV, REQUIMTE, Departament of Chemistry, Faculty of Science and Technology, New University of Lisbon, Zip code: 2829-516, Caparica, Portugal
d Embrapa Agroindústria Tropical, 60511-110, Fortaleza, CE, Brazil
A R T I C L E I N F O
Keywords:
Scanning electron microscopy
Texturometry
Hydrocolloids
Structured fruit
Gellan gum
Agar
Volatile organic compounds (VOCs)
A B S T R A C T
Structured fruits are food products obtained by mixing fruit pulps and hydrocolloids. The objective of the work
here described was the evaluation of the impact of agar and gellan gum on morphology, texture, volatile organic
compounds (VOCs) release and sensory acceptance of structured guava (Psidium guajava L.) bars. The bars were
made with guava pulp and agar (100%) or low acyl gellan (LA) and high acyl (HA) gum, in the proportions of
LA/HA (w/w): 100/0, 75/25 and 50/50, in the total concentration of 0.75% w/v relatively to the pulp. The
microstructure of the agar bars showed interconnected and loose cavities and fibers, generating by GC-MS
analysis a higher number and more intense VOCs peaks. The use of LA gellan gum results in interconnected
networks, with a dense and compact structure. The guava bar formulated with agar showed adhesiveness of
141.80 N/s, lower than that obtained by LA100/HA0 (214.05 N/s) and higher than LA75/HA25 (59.39 N/s) and
LA50/HA50 (54.38 N/s). Consumers preferred the appearance and texture of the formulations containing agar,
LA100/HA0 and LA75/HA25, with a progressive decrease in these parameters as the proportions of HA gel gum
increased. It was associated with a greater release of volatile compounds to gels that presented a less compact
and rigid network, allowing better diffusion of volatiles. Thus, they were perceived by consumers. Thus, the agar
proved to be the most promising hydrocolloid for the formulation of structured guava fruit, since although the
formed network is strong enough to guarantee good acceptance in the texture attribute, it still allows the release
of compounds that are associated with the flavor of the product.
Introduction
Structured fruits, also known as fruit bars, are food products that
allow an extension on the period of consumption of the fruits, thereby
reducing waste and permitting their consumption throughout the year.
Besides, they are products of practical and convenient consumption
which preserve the sensorial and nutritional characteristics of the fresh
pulp. The hydrocolloids used in the elaboration of structured fruits are
responsible for reducing the moisture and for the formation of a gel,
thus providing pleasant texture and appearance to the final product
(Parn et al., 2015).
Among the hydrocolloids that can be used for structuring pulps,
agar is a water-soluble polysaccharide with gelling properties that
produces thermo-reversible and high strength gels. It is not very
expensive and has been widely used in all fields, including in the food
industry (Yin et al., 2018). Another possibility is gellan gum, a hydro-
colloid available in two forms: low acyl gellan gum (LA) and high acyl
gellan gum (HA). Both have excellent gelling properties, and their
combinations allow for obtaining a range of textures with a good re-
lease of flavor (Mahdi et al., 2015). The development of structured
fruits also involves understanding the synergism between the hydro-
colloids and the fruit pulps.
The appearance of a fruit product plays a fundamental role in the
consumer's evaluation at the time of purchase, being a crucial quality
criterion (Danalache et al., 2017). The final structure and texture
properties of these systems strongly depend on the structural and
physicochemical properties of the hydrocolloid (e.g., degree of acyla-
tion for the gellan gum), pH and composition of the pulp (sugars,
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cations or fiber contents, etc.), as well as the processing conditions such
as time and temperature (Danalache et al., 2015a). Texture, composi-
tion, and structure affect the flavor of food, thus affecting its accep-
tance. Consumers get pleasure through the perception of change in
texture when eating, which also affects the flavor release profile
through the retronasal path (Yang et al., 2015).
According to Tiwari and Bhattacharya (2014), data on the detailed
texture attributes of fruit juice or pulp-based gels are limited. Moreover,
studies that lead to an understanding of the gels’ attributes, particularly
of their texture characteristics, would provide a more detailed view of
this complex phenomenon, which could be useful for commercial ap-
plications. In their studies with gels prepared with gellan gum and agar,
Banerjee and Bhattacharya (2011) reported that fragile and soft gels
resulted from agar gum, while gellan gels without the addition of ge-
latin or calcium, formed less brittle and rigid gels.
The volatile analysis also plays a central role in evaluating the
quality of fruits and vegetables (Marsol-vall et al., 2018). Several stu-
dies of guava flavor compounds were performed. In one of these, vo-
latile compounds identified in guava nectar were Hexanal, (E)-2-Hex-
enal, 1-Hexenol, (Z)-3-Hexen-1-ol, (Z)-3-Hexenyl acetate, Phenyl-3-
propyl acetate, Cinnamyl acetate, and Acetic acid (Correa et al., 2010).
According to Pino and Bent (2013), Hexanal and (E)-2-Hexenal, to-
gether with (Z)-3-Hexen-1-ol are strongly related to the guava flavor,
providing a herbaceous and fresh aroma.
Among the fruits with the potential to be used as a basis for struc-
tured products, guava deserves to be highlighted as being a tropical
fruit with full acceptance for in natura consumption. However, it is
highly perishable, its harvest season is brief, and it is not available all
year round, which does its marketing and use unfeasible in periods
outside the harvest (Nunes et al., 2016). To date, no studies have been
reported on the development of structured guava. Thus, research was
required on the structure, texture and volatile compounds profile of this
structured fruit to develop products with a pleasant texture and opti-
mized release of the compounds responsible for the aroma, since these
are essential quality factors which determine its acceptance by con-
sumers. Thus, it is believed that the agar and gellan hydrocolloids will
provide the guava structure with adequate mechanical and structural
properties, with low loss of volatile compounds. Given the above, the
objective of this study was to investigate the impact that agar and
gellan gum hydrocolloids provide on the mechanical, structural, and
volatile release properties of guava.
Materials and methods
Materials
Structured fruits were prepared with guava pulp (Psidium guajava L.)
without seeds provided by the Pomar da Polpa processing industry,
located in Fortaleza, Brazil. The hydrocolloids used for the preparation
of the samples were agar commercialized by Sosa® (Sosa, Spain), and
HA and LA gellan gum produced by CP Kelco® (CP Kelco, Atlanta, GA,
USA).
Preparation of structured guava samples (fruit bar)
For the preparation of the samples, guava pulp was thawed to room
temperature (around 25 °C). Hydrocolloids (agar, LA and HA gellan)
were subsequently weighed separately according to the required
guidelines to obtain predetermined concentrations. They were then
added to the thawed pulp in a food processor (Termomix, PMS-018,
Yammi) at a temperature of approximately 85 ± 2 °C. The samples
were kept at this temperature under stirring for 60 s. This process al-
lows homogenization and complete dissolution of the hydrocolloid,
according to the methodology described by Danalache et al. (2016)
with slight modifications.
The mixtures were then poured into rectangular silicone molds (W x
H x L = 27× 10× 50 mm), where they remained at room temperature
(± 25 °C) for 30 min. They were then removed from the molds and
placed in a hermetically sealed container and stored under refrigeration
at 5 ± 1 °C for 12 h to complete the gel maturation of the structured
fruits. Therefore, all analyzes were performed immediately after this
storage period.
Selection of hydrocolloids concentration by an acceptance test
To select the hydrocolloids concentration to be used in the study, 60
untrained panelists of both genders aged from 18 to 65 years old
evaluated structured fruit with a range of agar concentrations (0.25%,
0.5%, 0.75% and 1.0% w/v). They were randomly recruited at the
Institute of Culture and Art (ICA) of the Federal University of Ceara.
The acceptance analysis was performed in an individual cabin under
controlled lighting, noise and temperature conditions. Structured fruits
were cut into pieces of approximately 4 cm2 and then served in 50 mL
plastic cups. The cups were coded with random three-digit numbers. A
9-point hedonic scale ranging from “extremely dislike” (1) to “ex-
tremely liked” (9) was used to evaluate texture acceptance (Meilgaard
et al., 1999).
Characterization of gels
Mechanical properties
After selecting the concentration (0.75% w/v), four formulations
were prepared using the hydrocolloids agar and mixtures of LA and HA
gellan gum: Agar (100%), 100% LA and 0% HA (LA100/HA0), 75% LA
and 25% HA (LA75/HA25), 50% LA and 50% HA (LA50/HA50).
Texture Profile Analysis (TPA) of the formed gels (height 8.0 mm)
was carried out using a XT2i TA texture analyzer (Stable Micro Systems,
Ltd., UK T Systems) equipped with a 50 N load cell, according to Bourne
(2002). Briefly, a two bite compression test was performed with a
compression cycle up to 60% deformation of the original height using a
60 mm diameter aluminum piston. The time interval between the two
compression cycles was 5 s. The analyzes were performed 16 h after
fabrication of the structured fruits.
The hardness representing the force exhibited in the first bite at
maximum compression and the adhesiveness (i.e., the work to pull the
plunger away from the sample after the first compression) were de-
termined. The cohesiveness and springiness were also calculated. All
measurements were performed at room temperature (20 ± 2 °C). The
results presented are the mean values of six replicates.
Sensory evaluation - acceptance testing
Sensory analyses were conducted using a group of 100 consumer
panelists of both genders (63 women and 37 men), aged from 18 to 65
years old who were pre-selected considering their interests and habits
of guava consumption. A nine-point structured hedonic scale ranging
from 1 “I disliked it very much” to 9 “I liked it very much” was used for
consumer evaluations. A scale of 5 points was used to analyze the
consumption intent, where 1 is the minimum score (Certainly would
not eat) and 5 the highest score (Certainly would eat) (Stone and Sidel,
2004). Multivariate Internal Preference (MPI) technique was also used
to analyze the hedonic data.
Volatile organic compounds analysis (VOCs)
Solid phase microextraction of headspace - SPME
The solid phase microextraction of headspace (SPME) was the
technique used for the extraction of volatile compounds from guava
pulp and structured fruits obtained with agar, LA100/HA0, LA75/HA25
and LA50/HA50 gellan gum (concentration 0.75% w/v) according to
the methodology described by Carasek and Pawliszyn (2006) with
adaptations. SPME was carried out using a 65 μm poly-
dimethylsiloxane/divinylbenzene (PDMS/DVB) fiber with a manual
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holder (Supelco, Inc., Bellefonte, PA, EUA). This fiber was used due to
its use in several studies in the extraction of fruit volatiles (Carasek and
Pawliszyn, 2006; Nunes et al., 2016). Fibers were conditioned for
30 min at 250 °C before use. For each extraction, 7.0 g of sample were
transferred into a 10 mL Teflon-lined septum cap vial equipped with a
Teflon coated magnetic bar. The solution was stirred (500 rpm) at 60 °C
to favor the transfer of the analytes from the aqueous solution to the
headspace. The PDMS/DVB fiber, used to extract the non-polar volatile
compounds, was exposed to the sample headspace for 30 min. The fiber
was then removed and introduced into the injector port of the GC-MS
for desorption thermal (DT) at 250 °C for 3 min in the splitless mode.
Gas chromatography-mass spectrometry (GC–MS)
Separation and detection of the analytes was achieved using a GC-
MS system (Agilent Technologies, USA) with a GC 6850 coupled to a
595C VL MSD mass selective detector, along with a silica capillary
column (30 m × 0.32 mm i.d.; df, 0.25 μm) coated with thermostable
liquid polymeric material (5% phenyl/95% dimethylpolysiloxane) (DB-
5 ms, Agilent-JandW Scientific), kept at 30 °C for 1 min, then ramped to
150 °C at 5 °C/min, and then ramped to 315 °C at 20 °C/min and held at
the final temperature for 1 min. The splitless injection (3 min) was
achieved with an injector temperature at 250 °C. Helium was the carrier
gas used at a flow of 1.0 mL/min. Ion source, quadrupole, and transfer
line were kept at 230, 150 and 280 °C, respectively. MS spectra were
obtained by electronic impact (EI) at 70 eV and collected at the rate of 1
scan/s over an m/z range of 30–300, and using MSD ChemStation
E.02.00493 software (Agilent Technologies, USA). According to this
procedure, the higher the peak areas obtained, the higher the amount of
volatiles. Two replicates were carried out for each sample.
Identification of aroma-active compounds
The identified compounds were assigned according to their mass
spectrum, retention indices (RI), and retention time (RT). Mass spectra
were compared with those of a reference database (NIST Mass Spectral
Data 98). Compounds were identified when mass spectra similarity
index (SI) was higher than 85%. IR and RT were compared with the
available literature. The Kováts Retention Index (Nijssen et al.,
1963–2015) also was used for identification. It is important to em-
phasize that there are no reports in the literature to date of the use of
this methodology for the detection of volatile compounds in structured
guava.
Scanning electron microscopy (SEM)
For scanning electron microscopy (SEM) analysis, the samples were
fixed in Karnovsky solution and rinsed three times (10 min) in phos-
phate buffer. The samples were then fixed in osmium tetroxide solution
(1% w/v) and washed three times (10 min) in distilled water. They
were then dehydrated through 70%, 80%, 90% and 100% ethanol for
5 min in each stage and three changes in 100% ethanol at room tem-
perature. Ethanol was then replaced by liquid carbon dioxide, and the
samples were dried using an EMS 850 critical point drying apparatus.
Next, the samples were mounted on stubs, coated with gold and ob-
served by SEM (Zeiss 940A) under 15 kV voltage acceleration.
Statistical analysis
A one-way analysis of variance (ANOVA) followed by Tukey's test
was applied to determine significant differences between the mean
values of each test. A significance level of (p < 0.05) was used
throughout the study.
Relative quantification of each volatile compound was estimated by
calculating the mean percentage area of the corresponding peak in the
total ion chromatogram. Principal component analysis (PCA) was per-
formed to visualize the differences detected by GC-MS in the volatile
aroma composition of the pulp and the structured guava samples.
Global acceptance data was used to generate a map of internal
preferences through of Euclidian Distance Ideal Point Mapping (EDIPM)
(Meullenet et al., 2008). The product configuration in space was de-
rived from PCA of the centered overall acceptance data.
Based on the results of the consumption intent test, frequency his-
tograms were constructed using the Analysis Histogram, used the per-
centage of judgments (scores) of each specific category of the 5-point
hedonic scale.
Statistical analysis was performed using XLSTAT 2019 for Windows
version 0.7 (Adinsoft, Paris, France).
Results and discussion
Selection of hydrocolloid concentration through texture acceptance tests
The values of the textural acceptance tests of structured guava fruit
with different concentrations of agar (Table 1) show that there was only
a significant difference (p≤ 0.05) for the structured guava sample with
a concentration of 0.25% agar. The sample with the lowest con-
centration of agar was the least accepted. It presented a soft appearance
with the presence of exudate, characteristic of agar gels after a storage
period. Banerjee and Bhattacharya (2011) also observed the formation
of fragile and soft gels when using low concentrations of agar in their
production, and noticed that the increase in the hydrocolloid con-
centration resulted in decreased syneresis.
The concentration selected to produce the samples for further stu-
dies was 0.75% (w/v), as the acceptance of the structured fruit with this
concentration presented a mean value between the options “I liked
slightly it” and “I moderately liked it”. It was decided to use the same
concentration for the structured fruit produced using gellan gum.
Texture profile
Texture profile parameters show that there was no significant dif-
ference (p > 0.05) for the values of cohesiveness and springiness in all
the samples, with reduced values for both parameters (Table 2). These
reduced values for cohesiveness suggest that the samples can be easily
chewed (Banerjee and Bhattacharya, 2011; Parn et al., 2015). The
parameter showing significant differences were adhesiveness and
hardness. There is a synergistic interaction between native and deacy-
lated gellan molecules after gel formation when both types of gum are
present in the system (Danalache et al., 2015b). The difference between
gellan gum samples was possibly due to the absence of acyl clusters
since they interfere with the aggregation of the polysaccharide particles
at the time of gel formation (Morris et al., 2012). LA 50/HA50 exhibited
a mean hardness value higher than all the other samples (2.19 N),
present a significant difference (p ≤ 0.05) relative to the other for-
mulations. Possibly, with similar concentrations of gellan, there was a
greater interaction with the pulp in the formation of the structured
fruit, forming a firmer product. The acyl clusters can again justify these
values, causing the HA gellan gum gels to become soft and elastic, while
LA gellan gum gels are hard, non-elastic, and brittle (Morris et al.,
2012).
Table 1
Means of the textural acceptance tests of structured guava fruit
(Psidium guajava L.) with different concentrations of agar hydro-
colloid.
Concentration (% w/v) Texture Acceptance
0.25 4.250 ± 2.46 b
0.50 5.734 ± 2.17a
0.75 6.266 ± 1.91a
1.00 5.844 ± 1.95a
Means having identical superscript letters do not differ at the 5%
level of significance for the Tukey test.
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The agar formulation showed the lowest value for hardness
(Table 2), confirming the lower resistance of the gel. Agar gels are more
fragile than gellan gum gels and are affected by other ingredients such
as fruit pulp. However, the pulp's adverse effect on gel stress depends on
the amount of agar used (Tiwari and Bhattacharya, 2014). Something
similar may have occurred in the structured guava, in which the in
natura pulp may have interfered in the formation of the agar gels,
making them less firm and brittle. A single gelling agent frequently
offers a gel with low cohesiveness, high syneresis, less shelf time, un-
satisfactory appearance, poor mechanical properties, and less stable
towards processing treatments (Zia et al., 2018).
The samples with the presence of high acyl gellan (LA75/HA25 and
LA50/HA50) showed no significant difference (p > 0.05) for the ad-
hesiveness parameter. However, they were statistically different in
comparison to the samples with agar and gellan LA100/HA0. It is ob-
served that the presence of high acyl gellan influenced the average
values of adhesiveness since they presented lower results; on the other
hand, LA100/HA0 identified higher values (214.05 N/s) for this para-
meter.
Acceptance test
The use of agar and gellan with different LA/HA proportions at
0.75% w/v did not affect acceptance values (Fig. 1). The attributes
aroma, flavor and overall acceptance showed no significant difference
(p > 0.05) between the analyzed samples. However, significant dif-
ferences were found for texture. For the aroma attribute, all samples
were rated between “neither liked nor disliked” and “liked moderately”.
On the other hand, for the attributes of flavor, texture and overall ac-
ceptance, the values were in the range between “neither liked nor
disliked” and “like slightly”. Panelists reported the presence of exudate
and the texture as uneven, sticky and mushy, which can justify these
values. The acyl groups in the HA gellan gum prevent the approach and
association of the polymeric chains, as well as the aggregation of the
double helices which occurs on the gel formation process when HA
gellan is used in concentrations exceeding 0.2%. As consequence, gels
produced are weak, flexible and transparent (Noda et al., 2008; Morris
et al., 2012). The frequency histogram shows that LA50/HA50 had the
highest consumption intention rate (Fig. 2).
Internal preference map relating of the overall acceptance data
There was a spatial separation of the samples, suggesting the ex-
istence of three groups of panelists based on their preferences (Fig. 3). A
group was formed by those preferring agar and LA100/HA0 formula-
tions, and the other two groups were formed by those preferring LA75/
HA25 or LA50/HA50. In the results obtained, however, the acceptance
for the four samples was homogeneous, as consumers did not show a
higher preference for a particular sample. There was not a significant
difference in the acceptance of the sample LA75/HA25 relatively to
agar and LA100/HA0 samples, although a spatial separation of these
samples can be seen in the mapping and they appear in two separate
groups (Fig. 3).
Table 2
Texture Profile Analysis of the guava samples elaborated with agar and gellan gum: LA100/HA0, LA75/HA25 and LA50/HA50, in a concentration of 0.75% (w/v).
Samples Hardness (N) Adhesiveness (N/s) Springiness Cohesiveness
Agar 0.96 ± 0.21c 141.80 ± 26.04b 0.93 ± 0.01a 0.37 ± 0.01a
LA100/HA0 1.71 ± 0.15b 214.05 ± 30.90a 0.90 ± 0.14a 0.35 ± 0.03a
LA75/HA25 1.21 ± 0.02c 59.39 ± 9.96 c 0.98 ± 0.01a 0.33 ± 0.01a
LA50/HA50 2.19 ± 0.04a 54.38 ± 8.25c 0.99 ± 0.01a 0.36 ± 0.01a
Means of the same parameter having identical superscript letters, do not differ at the 5% level of significance for the Tukey test; N: Newton; s: seconds.
Fig. 1. Spider graphic representative of the averages of the aroma, texture, flavor and global acceptance attributes of the guava structured (agar, LA100/HA0, LA75/
HA25 and LA50/HA50).
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Volatile compounds (HS-SPME-GC-MS)
A total of 22 volatile compounds previously reported in guava pulp
were identified by HS-SPME-GC-MS (Nunes et al., 2016; Pino and Bent,
2013).
The pulp's and structured guava volatile profiles comprised the
following groups of compounds: aldehydes, alcohols, esters and ter-
penes (Table 3; Figs. S1, S2 and S3). The compounds Copaene, β-Car-
yophyllene, α-Humulene, α-Selinene, Caryophyllene oxide, 3-Phenyl-1-
propanol Acetate, (E)-β-Ocimene, 2-Hexenal l show that there was a
significant difference (p > 0.05). The most abundant compounds (% of
the total volatile content) identified in all samples in the chromato-
graphic profile were: Hexanal (5.5–18.0%), (E)-2-Hexenal (3.2–9.5%),
1-Hexanol (4.4–13.0%) and β-Caryophyllene (5.2–17.6%).
On the other hand, 2-Hexenal, 1-Hexanol, Nonanal, and Decanal
(Peak 6, 7, 13, 15, respectively) are not detected in the fresh pulp but
only in the structured ones. The preparation and thermal processing of
the samples may have promoted the formation of these components,
such as aldehydes, which can be formed during the freezing or heating
of guava pulp. Aldehydes have also been reported by Soares et al.
(2007) as constituents of guavas during maturity, which suggests they
have an essential role in the aroma of ripe guava.
Hexanal was one of the aldehydes with the highest percentage area
identified in the present study. Having the formulations with the LA75/
HA25 and LA100/HA0, the largest values, and in contrast, the sample
with agar has the lowest value (Table 3).
The (E)-2-Hexenal was the second most abundant aldehyde found in
the samples analyzed in this study. It was observed that there was an
increase in the mean values of the peak areas of this compound in all
the samples of the structured guava and particularly in LA75/HA25.
According to Tian et al. (2017), easy volatilization of the majority of
the aldehydes present in the samples can occur during the thermal
processing, and this volatilization leads to a marked loss. We may also
suggest that the type of hydrocolloid may favor the retention of certain
Fig. 2. Frequency histogram of consum intention test of the.
Fig. 3. Internal preference map of the overall acceptance data generated guava structured with hydrocolloids (Agar, LA100/HA0, LA75/HA25 and LA50/HA50).
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volatile compounds, making it difficult for their release.
Some studies prove that, for example, gellan gum can be used as an
encapsulating agent for aromas, probiotics, drugs, proteins, enzymes,
etc., showing high retention capacity of the active compounds of in-
terest (Bhattacharya et al., 2013).
β-Caryophyllene is the main sesquiterpene hydrocarbon of the vo-
latile compounds in mature guavas, contributing to the odor score of
guava, and is usually found in association with its isomer α-Humulene
(Soares et al., 2007; Pino and Bent, 2013). There are considerable va-
lues of area percentage for this compound, both in the pulp and in the
structured guava (Table 3). Of the four formulations, we highlight the
LA100/HA0 with a relatively higher mean value (17.6%). In contrast to
this result, other studies have also identified β-Caryophyllene and
Hexanal compounds as the most abundant in the guava chromato-
graphic profile (Pino and Bent, 2013; Nunes et al., 2016).
Eucalyptol (or 1,8-Cineol) was the cyclic ether with the highest
percentage area in all the samples (1.20–2.53%) and its level is similar
in all of them, with a small increase in samples LA100/HA0 and LA75/
HA25, suggesting that its influence the fresh guava flavor was main-
tained.
Esters are related to characteristics of fruity odors and herbs (Tian
et al., 2017). Ethyl Acetate (1.15–1.64%), Ethyl Hexanoate (0.1–0.3%)
are the esters present, although they were not identified in all samples
of the structured guava.
According to the authors Wei et al. (2018), volatile alcohols as well
as aldehydes are common compounds present in fruits. 1-Hexanol was
the dominant alcohol in all samples, except for the in natura pulp, with
areas of 4.6–9.7% of the total volatile content, with relevance for for-
mulations LA100/HA0, LA75/HA25 and LA50/HA50 which expressed
higher values. This alcohol is formed during the decomposition of li-
noleic acid, contributing to the fruity, alcoholic and sweet aromas
(Porto-Figueira et al., 2015). Another alcohol, (Z)-3-Hexen-1-ol, was
also identified in the analyzed samples. It is believed that this com-
pound may have been formed during the processing of the structured
fruits since it may arise from oxidative enzymatic degradations of fatty
acids (Porto-Figueira et al., 2015).
The presence of benzoic acid was identified in both fresh pulp and
structured guava. The presence of this compound in the fresh fruit pulp
was not found in the reference literature. However, it is important to
note that commercial guava pulps were used in the development of this
study. According to Brazil (2013), the addition of 0.1 g/100 g of ben-
zoic acid in fruit pulps associated with pasteurization is allowed.
Therefore, this compound was probably incorporated into the fruit pulp
during the production of the fruit pulp, since it is a food additive used to
avoid microbiological contamination.
Other compounds were also identified in the evaluated samples with
lower proportions, but are also important in the characterization of the
volatile compounds responsible for the fresh guava aroma. High values
of ethanol were found in both the pulp and the structured guava; some
fermentation of the pulp can justify its presence during processing.
Scanning electron microscopy (SEM)
It is observed that the microstructure of the gels differed con-
siderably with the type of hydrocolloid used. The agar gels (Fig. 4a)
showed a fibrous microstructure composed of interconnected fibers,
loose and with small cavities. The fibers can be seen more clearly in this
sample than in the other formulations with the presence of gellan gum
(Fig. 4b, c, d). Yarnpakdee et al. (2015) also observed a low density
network of agar gels with very small voids, thus reflecting fewer
junction zones between the propellers.
The formation of very interconnected networks is observed in the
LA100/HA0 sample (Fig. 4b), forming a highly dense and compact
structure. According to Noda et al. (2008), the lower the acyl content of
gellan, the more heterogeneous, the thinner, and the more disperse the
molecular bundles, leading to a decrease in the springiness and the
hardness of the gelled system.
The compact microstructure observed in the LA100/HA0 gellan
gum structured system is consistent with the TPA studies presented in
this work, in which it was verified that LA100/HA0 gels exhibited mean
hardness and adhesiveness values higher than all the other samples, and
a springiness value lower than the other formulations. Results obtained
Table 3
Identified volatile compounds and their mean percentage area in the GC-MS chromatograms of guava pulp and guava structured with different hydrocolloids: Agar,
LA100/HA0, LA75/HA25 and LA50/HA50.
Peak KI Compounds Relative peak area (%)
Pulp Agar LA100/HA0 LA75/HA25 LA50/HA50
1 555 Ethyl alcohol 6.08 ± 1.72 3.72 ± 2.40a 8.76 ± 5.64a 6.14 ± 5.01a 8.36 ± 4.20 a
2 608 Acetic acid 1.77 ± 0.40 Nd Nd Nd Nd
3 614 Ethyl Acetate 1.19 ± 0.33 Nd 1.27 ± 1.68 a 1.64 ± 1.60 a 1.15 ± 0.66 a
4 801 Hexanal 10.50 ± 1.92 5.53 ± 3.77 a 14.41 ± 2.82 a 18.08 ± 3.52 a 9.26 ± 1.93 a
5 850 (E)-2-Hexenal 3.20 ± 0.80 6.36 ± 1.68 a 5.26 ± 3.0 a 9.50 ± 5.15 a 6.88 ± 2.02 a
6 856 2-Hexenal 2.80 ± 0.75 5.29 ± 0,19 a Nd Nd 7.14 ± 0.19 b
7 868 1-Hexanol Nd 4.43 ± 1.47 a 5.50 ± 2.57 a 13.07 ± 0.71 a 7.20 ± 0.28 a
8 Nd (Z)-3-Hexen-1-ol 0.3 ± 0.24 2.97 ± 1.26 a 3.86 ± 0.11 a 5.23 ± 2.86 a 5.39 ± 0.76 a
9 985 6-Methyl-5-hepten-2-one 0.23 ± 0.08 0.37 ± 0.01 a 0.24 ± 0.26 a 0.62 ± 0.54 a 0.24 ± 0.41 a
10 999 Ethyl Hexanoate 0.30 ± 0.28 0.10 ± 0.13 a 0.30 ± 0.23 a 0.20 ± 0.41 a Nd
11 1032 Eucalyptol 1.20 ± 0.60 1.75 ± 0.26 a 1.89 ± 0.42 a 2.53 ± 0.35 a 1.79 ± 0.31 a
12 1046 (E)-β-Ocimene 0.41 ± 0.02 0.62 ± 0.15 b 1.05 ± 0.02 c 0.98 ± 0.06 bc 0.14 ± 0.24 a
13 1103 Nonanal Nd 0.38 ± 0.35 a Nd a 0.69 ± 0.61 a 0.71 ± 0.69 a
14 1164 Benzoic acid 12.43 ± 4.21 13.22 ± 3.42 a 8.64 ± 7.56 a 4.39 ± 3.81 a 8.31 ± 0.76 a
15 1204 Decanal Nd Nd Nd 0.52 ± 0.45 a 0.41 ± 0.71 a
16 1257 Edulan I 1.71 ± 0.88 Nd 1.97 ± 2.04 a 1.30 ± 1.14 a 0.79 ± 0.69 a
17 1368 3-Phenyl-1-propanol Acetate 1.64 ± 1.37 1.02 ± 0.76 ab 1,60 ± 0.37 b 1.29 ± 0.40 ab 0,82 ± 0.00 a
18 1376 Copaene 0.70 ± 0.54 0.46 ± 0.79 a 0.31 ± 0.33 a 0.14 ± 0.24 a Nd
19 1420 β-Caryophyllene 6.37 ± 2.20 6.06 ± 1.00 a 17.60 ± 2.41 b 5.27 ± 1.05 a 4.45 ± 1.09 a
20 1455 α-Humulene 1.06 ± 0.88 0.70 ± 0.10 ab 2.09 ± 0.99 b 0.65 ± 0,01 a Nd
21 1496 α-Selinene 0.54 ± 0.36 0.86 ± 0.23 a 3.03 ± 1.50 b 0.71 ± 0.08 a 0.88 ± 0.03 ab
22 1580 Caryophyllene oxide 2.18 ± 0.14 1.04 ± 0.44 a 2.70 ± 0.83 b 0.72 ± 0.21 a 0.43 ± 0.08 a
Volatile compounds were identified based on both mass spectra (similarity index > 85%) and retention index (< 5% difference from published data). Results are
expressed as means ± standard deviations of three replicates. Means having identical superscript letters do not differ at the 5% level of significance for the Tukey
test. Nd: Not detected. KI: Kováts Retention Index.
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in this study were similar to those reported by Tiwari et al. (2015), who
observed that microstructures of gels obtained with mango pulp, gum
gellan and agar showed a better uniformity of cellular structures, where
the air cells were apparently homogeneous and of reduced size.
Oliveira-Cardoso et al. (2017) evaluated gellan gum hydrogels and
retrograde starch blends and suggested that the presence of LA gellan
gum in the system contributes to increased gel density.
Fig. 4c shows the micrograph of LA75/HA25 in which a more
homogeneous network is shown with smaller polymer-free cavities
when compared to the LA50/HA50 sample (Fig. 4d). According to Yuris
et al. (2018), larger pores indicate the presence of water inside the gel
network in large quantities, probably due to the absence of a homo-
geneous network presenting large cavities. The steric hindrance of
acetyl groups along the HA gellan chain, which are not present along
the LA one, keep the polymer network more open and obstruct the
aggregation of the double helices A more open gel network may reduce
the probability for water molecules to interact with the molecular
strands, lying in a broader region between the chains and resulting in a
higher free water content (Morris et al., 2012; Cassanelli et al., 2018).
However, it is believed that the presence of the HA hydrocolloid, which
is responsible for elastic matrices, helped to form a less homogeneous
and dense gel.
Studying the microscopy of mango gels structures with different
proportions of LA and HA gellan, Danalache et al. (2015a) found that
the increase of HA content provides an increase in pore structure, re-
sulting in less resistance to applied deformation, and thus corroborating
the present study. According to Dewan et al. (2017), the pore size of the
gel decreases with increasing concentration of LA gellan gum. This may
be because the polymer mesh becomes more condensed by increasing
the concentration of this gum.
Conclusions
Different microstructures were identified in guava (Psidium guajava
L.) bars structured with gellan gum (LA and/or HA) and agar. TPA
results and the VOCs profile for the different samples are consistent
with the characteristics of their microstructure. The LA gellan gum gel
presented a denser, more compact, and stronger network, resulting in
higher VOCs retention, while the gels containing LA/HA gellan gum
mixtures showed looser and weaker networks. The agar gel showed an
intermediate behavior between LA gels and those with different pro-
portions of LA/HA, with an interconnected network, maintained by
weak bonds, having a higher VOCs release capacity than LA gels.
Consumers showed greater preference and acceptance for the appear-
ance and texture attributes of the formulations containing agar and LA
gellan gum (LA100/HA0 and LA75/HA25), with a progressive decrease
in acceptance scores as the proportion of gellan gum HA increased.
Guava bars structured with gellan or agar have gastronomic potential,
and maybe an option during off-season periods of the fruit or even for
the use of super-ripe guavas. These can replace pieces of fruit in salads
or desserts, and different textures can be selected according to use.
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